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Organochlorine Insecticides and Wildlife Populations
The widespread use of pesticides raises many practical problems of great theoretical interest. I shall attempt to define one approach, that of a conservationist, and explain our particular concern and interest in the persistent organochlorine insecticides (DDT, dieldrin, BHC, &c.) .
First I must explain what conservation is; many seem to think it consists of putting fences round rare orchids, and that the Nature Conservancy is a sort of official bird protection society. Briefly, the aim of conservation is to pass on biological diversity to future generations. There are two reasons for doing this. First, we never know when a certain species may become important to man; once it is extinct it is lost for ever. Secondly, we believe that complexity makes for stability, and that in the long run a stable environment is better for mankind than an unstable one. Pesticides are largely nonspecific in their action so they tend both to reduce diversity and produce unstable systems.
The approach of conservation is fundamentally different from that of medicine or veterinary science, and much rather sterile argument about pesticides has arisen because of the failure to understand this. Briefly, the medical man and the veterinary expert are concerned with individuals, the conservationist with populations. Even in social medicine the primary concern is with the individuals that make up the population. The conservationist is concerned with the species and not with the individuals. His equivalent in the medical field is the worker who advises on birth control in order to adjust populations to the food supply.
Of the two hundred or so pesticides in use today the vast majority of herbicides and fungicides are relatively nontoxic and cause little worry to those concerned with the protection of man, domestic animals and wildlife. We are all more concerned with insecticides because what kills an insect may well have an effect on another animal. Most of the insecticides used today belong to two main groups: the organophosphorus insecticides, which act by inhibiting cholinesterase, and the organochlorine insecticides which have a wide range of effects on the central nervous system and other organs. Insecticides vary widely in toxicity and stability, but in general the organophosphates are not very persistent in soil or animal bodies, whereas the organochlorines, which are fat soluble, are very persistent. From the medical point of view highly toxic organophosphorus insecticides pose serious problems of protecting spray operators. The ecologist is mostly concerned with the results of persistence of the organochlorine insecticides. The reason is simple. If a nonpersistent pesticide kills all the animals in the treated crop the area will be quickly colonized again from outside once the chemical has been broken down. Nature is used to dealing with local catastrophes of this sort. On the other hand persistent pesticides become dispersed outside the area of application, and may become concentrated in the bodies of animals and hence in food chains. The organochlorine insecticides are the only pesticides in common use that are both highly persistent and fat soluble. Further, laboratory studies show that sublethal doses can affect reproduction (DeWitt 1956 ) and behaviour (Warner et al. 1966) . Sublethal effects are likely to be ecologically important. Potentially, organochlorine insecti-cides are capable of affecting whole populations, and because they can become concentrated outside areas of application they are intrinsically uncontrollable.
To what extent have the theoretical fears of conservationists been confirmed in practice? Those concerned with the safety of Man and domestic animals can usually base their advice on toxicological studies. Those concerned with populations have to go much further: they have to assess the effects of pesticides on populations. It is important for the ecologist to know the LD50 of the pesticide on the species he is studying, but that information alone cannot tell him whether or not the pesticide is affecting a species as a whole. He needs to know about the distribution of the pesticide in relation to the distribution of the species, about residue levels in samples of the population, and about the effects of the pesticide in terms of population dynamics. It is a formidable task to obtain such information. As regards the organochlorine insecticides we are only just beginning to understand the nature of the problem. I shall briefly summarize researches which go some way to answering the pertinent questions.
To what extent is the environment contaminated by organochlorine insecticides? So far organochlorine insecticide residues have been found in most of the specimens analysedin air, in rainwater (Wheatley & Hardman 1965) , in soils, in rivers, and in living organisms; they have been recovered from plants in the Arctic, and from seals, penguins, skuas and fish from the Antarctic (George & Frear 1966) , from all seabird eggs analysed from the coasts of England, Scotland and Ireland (Moore & Tatton 1965) , and from deep water fish in the Pacific. The only categories of material which have not contained residues have been Antarctic snow and Antarctic invertebrates (George & Frear 1966) . Do organochlorine insecticides become concentrated in food chains? If they do, predators should on average contain more than animals of other feeding habits. A study of residues in British wildlife shows that predators contain much higher residues than other species (Moore 1965, and unpublished) . All local studies show the same phenomenon, although the rates of concentration vary greatly between ecosystems.
Are the levels found in wildlife species toxicologically significant? We do not have the toxicological data on which to answer the question categorically, because the species which contain the highest residues have not been studied in the laboratory. But if we assume that these species react to pesticides in the same way as those studied under laboratory conditions, at least five avian species contain residues which indicate that they are threatened (Moore 1965) .
Is there evidence that the species containing high residue levels have declined since the introduction of the organochlorine insecticides? Of the five species the fish-eating heron (Ardea cinerea) and the great crested grebe (Podiceps cristatus) have shown no decline; the bird-eating species, the peregrine falcon (Falco peregrinus), the sparrow-hawk (Accipiter nisus) and the kestrel (Falco tinnunculus) have shown considerable and otherwise inexplicable declines (Ratcliffe 1963, Prestt 1965, and unpublished). Such are the difficulties of counting animals that for the vast majority of species we do not know whether they have increased or decreased since the introduction of organochlorine insecticides, nor do we know their residue burden or their toxicological reactions to these chemicals.
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Organochlorine Pesticides and Farm Livestock
There has been much discussion, indignation and legislation over the residual properties of the organochlorine pesticides, which have lingered in the soil and within the bodies of terrestrial and aquatic creatures. One facet of this controversy which has been neglected is the reason for the use of persistent insecticides on lifestock.
Grazing cattle and sheep can be under almost constant attack from airand ground-borne parasites for six to seven months of the year; this
